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The detection of Cryptosporidium oocysts in drinking water is critically dependent on the quality of immu- 
nofluorescent reagents. Experiments were performed to develop a method for producing highly specific 
antibodies to Cryptosporidium oocysts that can be used for water testing. BALB/c mice were immunized with six 
different antigen preparations and monitored for immunoglobulin G (IgG) and IgM responses to the surface 
of Cryptosporidium oocysts. One group of mice received purified oocyst walls, a second group received a soluble 
protein preparation extracted from the outside of the oocyst wall, and the third group received whole inacti- 
vated oocysts. Three additional groups were immunized with sequentially prepared oocyst extracts to provide 
for a comparison of the immune response. Mice injected with the soluble protein extract demonstrated an IgG 
response to oocysts surface that was not seen in the whole-oocyst group. Mice injected with whole oocysts 
showed an IgM response only, while mice injected with purified oocyst walls showed little increase in IgM or 
IgG levels. Of the additional reported preparations only one, BME (2-mercaptoethanol treated), produced a 
weak IgM response to the oocyst wall. A mouse from the soluble oocyst extract group yielding a high IgG 
response was utilized to produce a highly specific IgG, monoclonal antibody (Cryl04) specific to the oocyst 
surface. Comparative flow cytometric analysis indicated that Cryl04 has a higher avidity and specificity to 
oocysts in water concentrates than other commercially available antibodies. 



Cryptosporidium parvum is a parasitic protozoan (coccidium) 
which is among the most common causes of diarrheal disease 
in humans (14). Cryptosporidium oocysts are environmentally 
robust and can survive in aquatic environments for months 
(17). These oocysts are also resistant to standard chiorination 
disinfection used for drinking water treatment (9, 17). It is a 
common waterborne disease in western countries, where it 
accounts for 1 to 2% of all cases (21), with as few as 30 ingested 
Cryptosporidium oocysts causing (4, 20) a profuse watery diar- 
rhea. Infection in immunocompromised individuals is severe 
and prolonged (3). 

The detection of low levels of Cryptosporidium in environ- 
mental waters is extremely difficult. Most routinely used de- 
tection methods rely on antibodies to separate oocysts from 
debris using techniques such as flow cytometry (22) or immu- 
nomagnetic separation (1). The fluorescent!)' labeled oocysts 
are then enumerated using epifluorescent microscopy or flow 
cytometry. However, the separation and detection of oocysts is 
limited by the specificity of available monoclonal antibodies 
(MAbs) (23). 

All currently available Cryptosporidium -specific MAbs are 
either of the immunoglobulin M (IgM) or IgG3 subclasses 
(25), which have been developed for detection in fecal material 
rather than for water analysis. IgM MAbs are known to be 
larger and more "sticky" than MAbs of the IgGl subclass (18). 
In water these MAbs bind nonspecificaily to algal and mineral 
particles, resulting in substantial background fluorescence and 
false-positive results (24). MAbs of the IgGl subclass are usu- 
ally higher affinity and less sticky, thus greatly reducing non- 
specific binding and cross-reactivity with other organisms (18). 
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Another advantage of MAbs of the IgGl subclass is the ease of 
purification by methods such as protein A precipitation (5). 

In order to obtain an IgGl MAb, it is essential to obtain a 
strong IgG response to the oocyst surface. In previous studies, 
immunization with whole oocysts produced MAbs predomi- 
nantly to the sporozoite and a few to the oocyst wall (12). 
Removal of sporozoites from antigen preparations may reduce 
this predominant IgM response. The structure of the oocyst 
wall is rich in complex polysaccharides (11), and this may cause 
an IgM response. Antigen structure as well as concentration 
plays a key role in inducing an immune response (7). There- 
fore, removal of sporozoites and reduction of antigen size and 
structure were considered key factors to be taken into account 
when preparing antigens. In addition, sequentially extracted 
oocyst antigens (8) were used to give an idea of the immuno- 
genicity of different oocyst waii preparations. 

In this study the immune response to six oocyst preparations 
was evaluated. After the induction of a strong secondary IgG 
response in one group (soluble oocyst extract), a subsequent 
fusion produced a highly specific IgGl MAb (Cryl04) to the 
oocyst wall of C parvum. 

MATERIALS AND METHODS 
Oocyst purification. Fecal samples positive for C. parvum were obtained from 
naturally infected calves in Sydney, Australia. The feces were diluted approxi- 
mately 1:4 in water and centrifuged at 5,000 X g for 10 min. The liquid layer was 
then discarded, the pellet was resuspended again in water, and the procedure was 
repeated. Fatty materials were then removed by resuspending the pellet in 
ice-cold \% NaHC0 3 solution, adding an ice-cold ether layer and centrifuging 
the mixture at 5,000 X g for 10 min. After cent rifugat ion, the supernatant 
containing the fat plug was discarded, the pellet was resuspended in ice-cold 1% 
(wt/vol) NaHC0 3 solution and passed through a layer of prewetted nonabsor- 
bent cotton wool, and the ether extraction step was repeated. After final cen- 
trifugation, the pellet was resuspended in 40 ml of ice-cold 55% (wt/vol) sucrose 
solution. Then, 10 ml of ice-cold H 2 0 was slowly added, assuring two layers were 
formed, and the sample was centrifuged at 4,000 x g for 20 min. Oocysts were 
collected from the surface interface, and the sucrose flotation step was repeated 
until no visible contaminating material could be detected. Purified oocysts were 
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surface sterilized with ice-cold 70% (vol/vol) ethanol for 30 min, washed once in 
phosphate-buffered saline (PBS; Oxoid), and stored in PBS at 4 W C. 

Purified oocyst walL C parvum oocyst walls were purified from excysted 
oocysts using immunomagnetic separation (IMS). Freshly purified oocysts were 
excysted (16), and the percentage of excystation was determined by flow cytom- 
etry (25). Only samples with >99.5% empty oocysts were processed further. 

Anti-mouse IgM IMS beads (Dynal, Oslo, Norway) were coated with an igM 
MAb (Cry26) specific to the oocyst wall of C. parvum (23) according to the 
manufacturer's instructions. Then, 1 ml of beads (10 R ) was mixed with 1 ml of 
excysted oocysts (10 9 ) and incubated at 4*C for 30 min. The beads coated with 
oocysts were then concentrated using a magnetic concentrator (Dynal), and the 
supernatant containing sporozoites was removed. The beads were gently washed 
in 1 ml of PBS plus 1% (wt/vol) bovine serum albumin (BSA) for 30 min. The 
beads were magnetically concentrated once more and vigorously vortexed to 
dissociate the oocyst wall bead complexes, and the beads were magnetically 
removed. The supernatant contained the oocyst cells. The procedure was re- 
peated until no contaminating particles (e.g., sporozoites) could be detected by 
flow cytometry. A total of 5 X 10 8 oocyst walls were collected, aliquoted, and 
frozen at -20*C. 

Soluble oocyst extract Oocysts suspended at 10 9 /ml in 0.5% (wt/vol) sodium 
dodecyl sulfate (SDS) were boiled for 1 h. The sample was centrifiiged 13,000 x 
g for 10 min, and the supernatant was precipitated with 5 volumes of acetone at 
-20T overnight. After centrifugation (10 min at 13,000 X g), a small white 
precipitate was resuspended in sterile PBS. A total of 10° oocysts yielded roughly 
600 to 1,200 u,g of acetone precipitate, measured using the Bio-Rad (Hercules, 
Calif.) DC protein assay with BSA as a standard. 

Additional preparations. To give a comparative measure of the immune re- 
sponse, three extracts of oocysts as described by Hornok et al. (8) originally used 
to orally inoculate chickens were also used for immunization. Briefly, three 
sequential extraction preparations were prepared. Oocysts were first subjected to 
freeze- thawing in liquid nitrogen to produce "oocyst cytosol" antigen (OCA). 
The insoluble material was then treated with Triton X-114 to dissolve mem- 
brane-bound proteins (TRE). The remaining insoluble oocyst material was then 
solubilized in SDS and 2-mercaptoethanol (BME). 

Immunization. All mice were initially tail bled to obtain preimmune control 
serum. Groups of five BAUB/c (ARC) female mice 8 to 12 weeks old were 
immunized by intraperitoneal injection (i.p.) with either an oocyst wall prepa- 
ration, whole oocysts, soluble protein extract, or the three preparations described 
by Hornok et al. (8). Each preparation in PBS was emulsified with an equal 
volume of Freund complete adjuvant. The whole-oocyst control group received 
4 X 10 ft whole heat-inactivated oocysts (WC, 30 min), and the oocyst wall mice 
received oocysts walls at 4 X 10 4 /ml. Groups of mice receiving the soluble protein 
extracts received between 50 and 80 u,g of protein. 

A second i.p. injection (100 ul) with the same preparations, emulsified in 
Freund incomplete adjuvant (F1A) were given after 3 weeks. Mice were bled 3 
weeks after the second injection to check for immune response. Mice showing 
strong IgG immune responses were selected for fusions and given two final 
boosts, one given i.p. 5 days and another given intravenously in PBS 3 days prior 
to the fusion. 

Mouse serum IgM and IgG levels. Blood collected from tail bleeds was cen- 
trifuged at 13,000 X g for 1 min, and the top layer of serum was stored at -20°C 

Serum was tested for immunofluorescence at 1:10*, 1:10", and 1:10 s dilutions 
in PBS containing 1% (wt/vol) BSA. 

An aliquot (100 of each serum dilution was added to 10 uJ of intact oocyst 
suspension containing 10 7 oo cysts/ml and incubated for 15 min at room temper- 
ature. To determine IgG and IgM concentrations, 100 u,l of prediluted labeled, 
anti-lgG (Zymed 61-6011) (1:100) or FITC-labeled anti-lgM (Sigma F-9259) 
(1:50) was added to the samples for 15 min at room teiiipeiature and then 
analyzed by flow cytometry. The fluorescence intensity of 2,000 oocysts was 
measured for both IgG and IgM levels at each serum dilution. Negative controls ■ 
of PBS or preimmune serum and a positive control of a MAb (Cry26) specific to 
the surface of Cryptosporidium oocysts was analyzed with each batch of samples. 

Fusion procedure. The fusion procedure employed was that as described by 
Pererva (15). 

Hybridoma screening. Approximately 7 to 14 days after the fusion, the hy- 
bridomas visible at X400 were marked, and 100 uJ of tissue culture supernatant 
was aseptically removed. 

To each hybridoma supernatant, 10 u.1 of 10 7 oocysts/ml was added and 
incubated for 15 min at room temperature. A second FITC-labeled anti-mouse 
antibody (Amrad) was then added (100 u,l at 1:50 dilution in 1% [wt/vol] BSA in 
PBS) and incubated at room temperature for 15 min. Oocysts were analyzed by 
flow cytometry with high fluorescence indicating supernatant containing anti- 
Cryptosporidium antibodies. Hybridomas were tested for Hn\i-Cryptosporidium 
antibodies of IgM or IgG classes, as described for mouse serum antibodies. All 
positive hybridomas were tested for isotype using a commercial hemagglutina- 
tion assay (Serotec). 

SDS-polyacrylamide gel electrophoresis (PAGE) and Western blotting. Oo- 
cysts (5 X I0 7 to 5 X lfr/ml) were added to an equal volume of reducing buffer 
(0.125 M Tris HC1, 3% [wt/vol] SDS, 10% [vol/vol] glycerol, 5% [vol/vol] 2-mer- 
caploethanol, and 0.02% [wt/vol] bromophenol blue) and boiled for 3 min at 
100*C. This reduced sample was then run on a 12% polyacryiamide separating 
gel with a 5% stacking gel in a Bio-Rad Miniprotean II cell apparatus at 200 V. 



High- and low-molecular-weight markers (Novex) were run alongside the sam- 
ple. 

SDS-PAGE gels were electroblotted onto nitrocellulose (Microfiltration Sys- 
tems) employing a wet blotting system (10) at 12 V for I h. The nitrocellulose was 
cut into strips, and each strip was blocked in 2% (wt/vol) milk in PBS. Strips were 
incubated with mouse serum (diluted 1: 1,000) or ant {-Cryptosporidium antibodies 
(Le,, Cry26 at 10 jig/ml) for 1 h at room temperature. After the strips were 
washed three times in PBS, they were incubated in an alkaline phosphalase- 
conjugated anti-mouse antibody (Cappel) diluted 1:20 in 2% (wt/vol) milk in 
PBS and then developed with 03 ml of 4-chloro-l-naphthol and 10 al of H,0, 
in 2 ml of PBS. 2 2 

Oocyst staining in water samples. The effectiveness of MAbs for analysis of 
water samples was evaluated by flow cytometry. Samples (10 liters) of untreated 
surface water were collected throughout Australia and then concentrated by 
flocculation (22). A composite water sample was prepared by mixing aliquots 
from a range of different sites. C. parvum seeded samples consisted of 50 al of 
untreated water concentrate and 10 al of 10 8 oocyst seeds. Then, 100 al of 
hybridoma supernatant (2 og/ml) was incubated with the seeded samples at room 
temperature for 20 min, and 100 al of anti-mouse FITC-conjugated antibody 
(Silenus; 1:100) was added for a further 20 min. Samples were analyzed by flow 
cytometry to determine which antibody produced the greatest separation be- 
tween the immunofluorescent oocyst population and the background fluorescent 
particles within the water concentrates. 

Functional measurement of avidity. Avidity of binding of the FITC-labeled 
Cryptosporidium-svtcific antibodies Cryl04, Cry26, and Immucell (Immucell, 
Portland, Oreg.) were estimated as follows. Pure antibodies (20 ag/ml) were 
serially diluted for 20 double dilutions. Each dilution was then incubated with 10 7 
oocysts for 20 min at room temperature. A negative control of unlabeled oocysts 
in PBS was also prepared to provide an endpoint for binding. Fluorescence 
values for each dilution were recorded and plotted to obtain the value for 50% 
maximal binding to the oocysts. Assumptions were made that the total input 
antibody is very nearly the same as free antibody; therefore, the dissociation 
constant (KJ) is proportional to this 50% concentration. The relative affinity (K a ) 
is then calculated as the reciprocal value. 



RESULTS 

Antibody response to C. parvum oocyst surface epitopes. 
Mouse sera were tested by flow cytometry for IgG and IgM 
antibodies to the surface of oocysts (Fig. 1). Mice receiving two 
injections of purified oocyst walls snowed little or no increase 
in either IgM or IgG against the oocyst wall. The whole-oocyst 
control mice responded with increased IgM levels but pro- 
duced little or no IgG response. In contrast, the soluble-pro- 
tein-extract group produced higher IgG levels than that of the 
whole-oocyst control group, but with less IgM response. Ad- 
ditional immunization of mice receiving the protein extract 
further increased IgG levels, with a drop in IgM levels (data 
not shown). Further immunization of the whole-oocyst control 
group still produced a predominant IgM response, with no 
increase in IgG levels, and the oocyst wall group produced no 
IgG or IgM response. Of the three extracts (8), only one 
(BME) gave a weak IgM response to the oocyst wall. The 
highest-response soluble-protein extract mouse was chosen for 
the fusion procedure. This analysis resulted in the production 
of nine MAbs against the oocyst wall: eight IgMs and one the 
IgGl MAb Cryl04. 

Analysis of antibodies for oocyst staining in water samples. 
Figure 2 compared three MAbs (2 u-g/ml) for the differentia- 
tion of C. parvum oocysts and particles in concentrates from 
environmental water samples. Cry 104, the IgGl antibody pro- 
duced for this report, gave the greatest separation of oocysts 
from particles present in water concentrates and the highest 
mean fluorescence intensity (MFI) of the oocyst population 
(i.e., 4,500). Oocysts stained with Cryl04 also had formed a 
tight group with little scatter, indicating constant levels of this 
antigen on each oocyst and reproducible fluorescence staining. 
The MAb Cry26 is an IgM routinely used for examination of 
water samples (15), and 15H10 is another IgM MAb generated 
in our laboratory. Both of the IgM MAbs, Cry26 and 15H10, 
showed a more dispersed fluorescence population of oocysts 
than did Cryl04 and less separation of the oocyst population 
from debris in water. This reduced separation corresponds to 
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FIG. 1. Comparison of the fluorescence intensities of C parvum oocysts stained with sera of three dilutions (1:1,000, 1:10,000, and 1:100,000) from the soluble- 
extract, oocyst wall, or whole-oocyst control groups that were then stained with an anti-lgG or an anti-lgM fluorescently labeled antibody. Data are calculated by 
subtracting the fluorescent value (arb) obtained from mouse serum samples after two immunizations from the preimmune serum samples from serum samples from 
individual mice. MF1 data obtained from each group were then averaged, and the standard deviations were calculated. 



lower MFI values for the oocyst populations of 1,200 (Cry26) 
and 1,900 (15H10) compared with an MFI of 4,500 for Cryl04. 

Western blot examination of serum samples and MAbs. 
Western blots of sera from mice immunized with whole oocysts 
(control group), oocyst wails, and soluble extract (Fig. 3) dem- 
onstrated an immune response to a large number of bands. 
The whole-oocyst control group and the soluble-protein-ex- 
tract sera reacted with multiple bands of from >100 kDa down 
to 30 kDa as described by Tilley et al. (20). 

The only distinct difference between the banding patterns 
was that the soluble-protein-extract group picked up four 
smaiier bands of <30 kDa which were not recognized by the 
oocyst control group. The soluble-extract group (Fig. 3) 
showed a more sharply defined banding pattern, which is in- 
dicative of high-avidity serum (2). In contrast, the mice receiv- 
ing purified oocyst walls reacted with only two bands at ap- 
proximately 52 and 58 kDa. Serum from the three groups, 
OCA, TRE, and BME, showed banding patterns similar to 
those previously reported (not shown). The BME banding 
pattern was very similar to that of the whole-oocyst group. 
MAbs analyzed by Western blot also reacted with multiple 
bands, although the patterns varied for each MAb. All MAbs 
recognized antigens of > 100 kDa, and all MAbs tested exclud- 
ing Cry26 recognized all three of the distinct bands between 64 
and 46 kDa. Cryl04 and Cry26 recognize a 42-kDa band and 
Crypto-a-glo band at 36 kDa. These results are consistent with 
the antibodies recognizing common epitopes present on nu- 
merous proteins. Smaller bands located at between 36 to 14 
kDa, which reacted with the soluble-extract mouse serum, were 
not recognized by any MAb, and at present there is no evi- 
dence that these proteins are present on the oocyst surface. 



All MAbs showed uniform staining of the oocyst wall when 
tested by fluorescence microscopy. This finding suggests that 
there is an abundance of epitopes across the oocyst surface. 
There also maybe subtle differences in the epitopes which the 
MAbs recognize, as seen in the differences in banding patterns 
in the Western blots. 

Functional measurement of avidity. The binding curves of 
the three MAbs Cry26, Cryl04, and Immucell in response to 
10 7 oocysts is shown in Fig. 4. Data obtained from these plots 
were then used to calculate the relative avidity of the whole 
MAbs (Table 1). MAb Cryl04 possessed the highest avidity, 
with a 50% binding at less than half the concentration of 
Cry26. This indicates that Cryl04 has the highest avidity to C. 
parvum oocysts. Twice as much Cry26 was required for 50% 
binding, and more than 10 times as much of the Immucell 
antibody was required. 

DISCUSSION 

During immunization, mice were monitored for both IgM 
and IgG antibodies against oocyst surface antigens. The whole- 
oocyst control mice produced a high IgM response, with little 
or no IgG. This would suggest that there was little T-cell- 
dependent immune response (i.e., shift to IgG) and that im- 
munization directly stimulated B ceils, resulting directly in less 
isotype switching and reduced affinity maturation in the MAbs 
produced (7). Hence, IgM antibodies dominate the immune 
response. This may be due to C parvum oocysts having a 
complex polysaccharide at their surface. The presence of 
sporozoites in this preparation may have also reduced the 
immungenicity. McDonald et al. (12) showed that the sporo- 
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zoite is highly immunogenic compared to the oocyst wail, with 
<10% of the hybridomas against whole oocysts reacting with 
the oocyst wall. Therefore, sporozoites were removed when 
preparing both the purified oocyst wall and the soluble extract 
to maximize the response to the oocyst wall. 

The mice receiving purified oocyst walls showed no immune 
response to surface epitopes and in Western blots reacted only 
weakly with a restricted number of antigens. Despite the use of 
Freund adjuvant, the purified oocyst walls were substantially 
less immunogenic than the inactivated whole oocysts. The pu- 
rified walls were intact apart from the longitudinal slit that 
releases the internal contents, so presumably the difference is 
due to the absence of immunogenic internal antigens. This also 



FIG. 2. Comparison of antibodies for staining oocysts in water samples. The 
axes show side-scatter (x axis) versus green-fluorescence (y axis) data. The MFI 
oocyst population was also recorded. Control 1 (A) is oocysts only, and control 
2 (B) is unstained oocyst in a water concentrate. Control 3 (C) is Cry 104 with no 
oocysts in a water concentrate, and the negative control (D) is stained with an 
znti-Gianiia antibody. Note the differences in the separation between the oocysts 
and the debris particles obtained with different antibodies. Cry26 (E) and 15H10 
(F) data are also presented. (G) Cry 104 shows the greatest separation of the 
oocyst population from debris in water samples, with the highest MFI of the 
oocyst population. 

suggests that without sporozoites present there is limited im- 
munogenicity, as suggested by Tzipori (21). There is no evi- 
dence thai excystation couid aiter or denature the outer 
epitopes of the oocyst walls, thus making them different from 
those of naturally occurring oocysts. This is evident since ex- 
cysted oocysts can stili be stained with MAbs against the oocyst 
wall (25). 

The mice receiving soluble oocyst extract demonstrated a 
moderate IgM and a strong secondary IgG response. After the 
large oocyst wall structure is broken up into smaller complexes 
by SDS extraction and then precipitated out the oocyst wall, 
proteins become T-cell-dependent antigens. After further im- 
munizations with soluble extract (data not shown), the IgG 
response further increased, while the IgM response decreased. 
This was not observed in the whole-oocyst control or purified 
wall group, which showed a predominant IgM response or no 
response, respectively, after each immunization. A possible 
explanation for these results is the large (5-u.m) size of the 
oocysts wall being too large for T-cell processing, thus allowing 
stimulation of low-affinity B cells (i.e., B cells producing IgM). 

Antigens used by other workers (8) were also evaluated for 
the production of antibodies to the oocyst surface. The mice 
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FIG. 3. Western blot of C. parvum protein extracts probed with mouse serum from the following mouse groups: E, soluble-extract mice; W oocyst wall mice- and 
C oocyst control group (whole oocysts). Results obtained with MAbs are presented as follows: Ml, Cry26 (IgM); M2, Cryl04 (IgGl); M3, Cry212 (IgMV and M4 
Crypto-a-GIo (IgM). Cry26, Cryl04, and Cry212 were from Macquarie University Centre for Analytical Biotechnology, and Crypto-a-Glo was from Waterborne New 
Orleans, La. ' 



immunized with OCA and TRE preparations showed no re- 
sponse to the oocyst wall. The antisera reacted with internal 
membrane on excysted oocysts and not the oocyst surface. The 
BME antigen produced a very weak IgM response against the 
oocyst wall even though it was solubilized in SDS (2 min) 
similarly to the soluble oocyst extract. The difference may be 
due to the sequential preparation of these antigens. Removing 
the internal proteins could have affected the structure of the 
BME antigen either by a change in structure or integrity. The 
lack of immune response to the BME and purified-oocyst-wall 



antigens demonstrates that the oocyst wall carbohydrate struc- 
ture is not very immunogenic. 

In the Western blot analysis, bands covering a size range of 
>100 kDa to approximately 36 kDa all carried the same 
epitopes, as defined by MAb binding. The results are consis- 
tent with the epitopes being an oligosaccharide carried on 
several different proteins. Previous work (13) has demon? 
strated that epitopes on the oocyst wall are sensitive to sodium 
meta-periodate treatment, indicating that they have carbohy- 
drate components. 
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FJG. 4. Binding curves of the three FITC-Iabeled MAbs Cry26, Cry 104, and ImmucelL The oocyst concentration of 10 7 /ml was constant for every antibody dilution 
Relative fluorescence intensity values for each of the 20 serial dilution were recorded and plotted. The value for 50% maximal binding was then calculated for each 
MAb by reading the vahie off the curve. 
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TABLE 1. Functional measure of avidity (K a ) values 



MAb" 


Subclass 


K u {mo\~ x f 


Cryl04 


IgGl 


7X 10* 


Cry26 


IgM 


3 X 10 8 


Immucell 


IgG3 


6 X 10 7 



■ Sources: Cry 104 and Cry26, Macquarie University Centre for Analytical 
Biotechnology, immucell, Immucel, Portland, Oreg. 
* affinity constant of whole antibody. 



In this study evaluation by fluorescence microscopy showed 
uniform staining of the oocyst wall, suggesting that a common 
antigen covers the oocyst wall. Competition studies between 
the MAbs Cry26 and Cry 104 (results not shown) utilizing dif- 
ferent fluorescent labels on each MAb demonstrated that these 
MAbs do recognize a common epitope and compete for bind- 
ing sites. However, MAbs analyzed by Western blot analysis 
showed differences in banding patterns, suggesting that they 
recognize slightly different structures. 

The functional avidity of Cry 104 was compared with other 
anti-Cryptosporidium antibodies. The 50% binding level for the 
IgGl (Cryl04) whole antibody was calculated to be 7 X 10 K 
mol" 1 , i.e., less than half that of the other antibodies tested 
(Table 1). 

The high avidity of Cryl04 is also reflected in the water 
sample analysis (Fig. 2). Cryl04 gave the tightest cluster of 
oocysts and the best separation from debris in concentrated 
environmental water samples. Similar findings were reported 
previously (6). This high signal-to-noise ratio is desirable for 
water testing by flow cytometry. Increased differentiation of 
oocysts from debris means fewer nonspecific fluorescent debris 
particles are detected and analyzed by the cytometer, allowing 
increased analysis speeds and so reducing analysis time. This 
will allow analytical laboratories to more accurately and reli- 
ably test concentrated water samples for Cryptosporidium spp. 
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AB The detection of Cryptosporidium oocysts in drink^ig water is critically 
dependent on the quality of immuno fluorescent fce^ents . Experiments were 
performed to develop a method for producing hignly specific antibodies to 
Cryptosporidium oocysts that can be used for water testing. BALB/c mice 
were immunized with six different antigen preparations and 
monitored for immunoglobulin G (IgG) and IgM responses to the surface of 
Cryptosporidium oocysts. One group of mice received purified oocyst 
walls, a second group received a soluble protein preparation 
extracted from the outside of the oocyst wall, and the third group 
received whole inactivated oocysts. Three additional groups were 
immunized with sequentially prepared oocyst extracts to provide for a 
comparison of the immune response. Mice injected with the soluble 
protein extract demonstrated an IgG response to oocysts surface that was 
not seen in the whole-oocyst group. Mice injected with whole oocysts 
showed an IgM response only, while mice injected with purified oocyst 
walls showed little increase in IgM or IgG levels. Of the additional 
reported preparations only one, BME (2-mercaptoethanol treated) , produced 
a weak IgM response to the oocyst wall. A mouse from the soluble 
oocyst extract group yielding a high IgG response was utilized to produce 
a highly specific IgGl monoclonal antibody (Cryl04) specific to 
the oocyst surface. Comparative flow cytometric analysis indicated that 
Cryl04 has a higher avidity and specificity to oocysts in water 
concentrates than other commercially available antibodies. 
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AB A reverse passive haemagglutination (RPH) assay incorporating a 

monoclonal antibody against Cryptosporidium 

parvum oocysts was used to follow Cryptosporidium coproantigen 
excretion by calves . RPH detected soluble antigen 
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that passed 0.22 mu-m filters. Non-specific reactions that occurred in 
some samples were markedly reduced by heat treatment of the faecal 
specimens and were abolished by filtration after heat treatment. Results 
were compared with oocyst counts performed by microscopy of modified 
Ziehl-Neelsen (MZN) stained faecal smears. Five hundred and thirty-two 
daily specimens were examined from 30 calves. The mean age at which 
positive results for both oocysts and antigen was detected was 9 
days (range 5-15 days), and excretion lasted for 5-11 days with some 
cycling of positive reactions in some calves. The occasional cycling to 

a 

negative reaction demonstrates a need to take samples from consecutive 
days to ensure diagnosis. Two hundred and ninety-one (54.7%) specimens 
were negative in both tests, 178 (33.5%) were positive in both, 14 (2.6%) 
were positive only by microscopy, and 49 (9.2%) were positive only by 

RPH. 

By these criteria the kappa coefficient of agreement between the tests 

was 

good (0.753). Compared with MZN, the sensitivity of RPH is 92.7%, 
specificity 85.6%, positive predictive value 78.4% and negative 
predictive 

value 95.4%. The method is simple, objective, has ease of quality 
control, and either single samples or batches can be processed. 

L4 ANSWER 4 OF 7 BIOSIS COPYRIGHT 2004 BIOLOGICAL ABSTRACTS INC. on STN 
AN 1994:18635 BIOSIS 
DN PREV199497031635 

TI Multiple oral inoculations with Cryptosporidium parvum 
as a means of immunization for production of monoclonal 
antibodies . 

AU Tilley, Michael; Eggleston, Mark T.; Upton, Steve J. [Reprint author] 

CS Div. Biol., Kans. State Univ., Manhattan, KS 66506, USA 

SO FEMS (Federation of European Microbiological Societies) Microbiology 

Letters, (1993) Vol. 113, No. 2, pp. 235-240. 

CODEN: FMLED7. ISSN: 0378-1097. 
DT Article 
LA English 

ED Entered STN: 25 Jan 1994 

Last Updated on STN: 25 Jan 1994 

AB Oral immunization of suckling mice with Cryptosporidium 

parvum results in a humoral response to a limited set of antigens. 

Six-day-old BALB/c mice were each inoculated orally with 1 times 10-6 

viable oocysts and subsequently administered oral inoculations of 2 times 

10-6 viable oocysts at 30 and 60 days following the primary infection. 

After 45 days, mice were boosted with 1 times 10-6 oocysts orally, plus 

soluble extracts equivalent to 2 times 10-6 and 1 times 10-6 

oocysts given intravenously and intraperitoneally, respectively. Four 

days later, splenic lymphocytes were fused to Ag8 myeloma cells. Using 

this method, we have been able to select for monoclonal 

antibodies that predominately recognize sporozoite surface and apical 

complex antigens. 
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TI Proliferative responsiveness of lymphocytes from Cryptosporidium 
parvum exposed mice to two separate antigen fractions 
from oocysts . 
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AB We assessed lymphoprolif erative responsiveness of lymphocytes from the 
spleen and lymph nodes of inbred neonatal SWR/J H-2-q mice at various 
times postinoculation (PI) using Cryptosporidium parvum 
oocysts . The lymphocytes were cultured in vitro with a water- 
soluble (SO) and a water-insoluble (IN) antigen 

fraction. The IN fraction was prepared by solubilizing particulates, th 
sediment obtained after centrifuging disrupted oocysts, in urea. Both 
fractions were characterized using silver stain and enzyme-linked 
immunoelectrotrans f er blot (EITB) with hyperimmune rabbit anti-oocyst 
serum, monoclonal antibody specific to a 23-kD antigen 

, and serum from patients with symptoms of cryptosporidiosis . The EITB 
showed that the antigens in the IN fraction differed both quantitatively 
and qualitatively from those in the SO fraction. Lymphocytes from lymph 
nodes of exposed mice cultured with the SO fraction exhibited a 
significant (P It 0.05) and antigen-specific response compared 
with those from unexposed mice at days 10, 19, 22, and 28 PI. The 
response to the IN fraction of lymphocytes from lymph nodes of exposed 
mice was not as consistent as that to the SO fraction but showed a 
significant (P It 0.05) and antigen-specific response at days 10 
and 19 PI. No significant response occurred when splenic lymphocytes 

were 

cultured with SO or IN fractions. These results show that lymphocytes 
from lymph nodes of mice exposed to Cryptosporidium 
parvum oocysts proliferate when cultured in vitro with 
soluble or particulate antigens prepared from oocysts. 
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AB Cryptosporidium parvum, a zoonotic Apicomplexan 

pathogen, causes profound diarrhea, malnutrition, and dehydration in 
patients with AIDS. A less severe, self -limited disease occurs in 
immunocompetent individuals, particularly children, animal handlers, and 
residents of the developing world. Very little is known about the 

biology 

of the organism, the pathophysiology of the disease process, or the 
mechanism of protective immunity. There is no effective therapy for 
cryptosporidiosis , but hyperimmune bovine colostrum raised against 
Cryptosporidium oocysts and sporozoites has ameliorated infection and 
disease in some patients with AIDS, and a variety of monoclonal 
antibodies, as well as hyperimmune bovine colostrum, have significantly 
reduced cryptosporidial infection of mice and calves. We report here the 
identification and initial characterization of a gt 900,000-M-r 
Cryptosporidium sporozoite glycoprotein (GP900) that is a prominent 
antigen recognized by protective hyperimmune bovine colostral 
immunoglobulin. Three of six murine anticryptosporidial 
monoclonal antibodies reacted with GP900, indicating that the 
molecule is highly immunogenic in mice as well as in cows. GP900 is 
Triton X-100 soluble and N glycosylated. Western blotting of 
the N-deglycosylated protein, detected with antibodies eluted from 
recombinant clones expressing a partial GP900 fusion protein, suggested 
that the polypeptide backbone of the glycoprotein has an M-r of It 
190,000. GP900 is encoded by a single-copy gene that resides on the 
largest Cryptosporidium chromosome. 
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NOVELTY - Cryptosporidium parvum is detected by 
incubating a sample with an antibody specific foi 
antigen of a C. parvum sporozoite and detecting 
antibody to the antigen. 

DETAILED DESCRIPTION - An INDEPENDENT CI 
composition comprising an antibody specific i/or 
soluble antigen • 

USE - The method is used to detect Cryptosporidium 
parvum, especially in water samples (claimed) e.g. recreational 
water (e.g. swimming pools or lakes) and /treated water (e.g. reservoirs) 
to allow contaminated water to be treated or quarantined to prevent 
human/animal exposure to C. parvum. The/ method is also useful to detect 




a soluble 

Lnding of the 



is also included for a 
a C. parvum sporozoite 



parvum in biological fluid samples (claimed) e.g. to diagnose or monitor 
C. parvum infection, especially in p/tients with low-level infections 
since the assay has a high sensitivifty . C. parvum is a food or waterborne 
parasite that infects humans and otfher animals, causing severe intestinal 
distress. In immunocompromised inojlviduals (such as malnourished 
children, 

patients with acquired immunodeficiency syndrome (AIDS) or receiving 
immunosuppressants for cancer ttterapy) infection can cause prolonged 
diarrheal illness that may be fatal. The assay is especially useful for 
detecting C. parvum in samples/ with a high turbidity, and can be used 



with 



water 



retention filtration techniques, in which oocysts are detected in samples 
of water filtrate obtained from the eluate of filter cartridges (e.g. 
placed at reservoir intakes') , which commonly exhibit high turbidities. 

ADVANTAGE - The assay/ enables rapid sample screening (e.g. 6 hours 
versus up to 4 days for existing microscopic assays for 1 ml treated 

samples) and, unlike existing methods, was not adversely affected by 
sample turbidity e.g. could process samples having up to 3,000 
nephelometric turbidity units (NTUs) . It requires little sample 
manipulation or processing, increasing efficiency, and allowing a high 
recovery of oocysts rysrmally lost during processing. Greater sensitivity, 
in 1 ml samples C. parvum was detected in samples comprising 100 
oocysts/ml whilst existing methods failed to detect 50,000 oocysts/ml. It 
enables differentiation between viable and non-viable oocysts, by using 
biological or mechanical means to release sporozoite antigen, 
allowing a more realistic interpretation of infectivity risks, and unlike 
previous methods is also specific for C. parvum. 
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